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Foreword 


The publication of International Critical Tables in 1926 provided the world with a 
comprehensive and critical selection of the then existing scientific data. Scientists 
of many nations cooperated in its compilation. Since then, the immense growth and 
refinement of scientific data have made much of it obsolete and incomplete, but its 
revision would be an enterprise even more tremendous than the original collection. 
A cooperative effort has therefore been established among the National Research 
Council, the International Union of Pure and Applied Chemistry, the International 
Union of Pure and Applied Physics, the National Bureau of Standards, and other 
interested institutions to compile separate critical tables of data in selected fields. 
The selection is governed by the apparent necd in particular fields and the availability 
of experts thoroughly familiar with the subjects to undertake the work. 

The tables presented in this volume represent one of these cooperative efforts 
sponsored by the National Bureau of Standards, the Committee on Tables of Constants 
of the National Research Council, and Princeton University. 


EK. U. Connon, Director. 
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Homogeneous Reaction Kinetics 


SUBJECT INDEX 


100 REARRANGEMENT - JSOMERIZATION 


100 ORTHO-PARA CONVERSION Title of Table Table 
(number of pages) number 
Ortho-para conversion (gas) (#4) 101.000 
f u W (liquid) (4) 102.000 
" " " (solid) (1) 103.000 
110 RACEMIZATION 
111 Racemization (gas) 


Racemization; organic halogen compounds (1) 111.470 


112 Racemization (liquid) 
Racemization; C,H,O compounds (5) 112.440 
fl ; organic halogen compounds (2) 112.470 
120 CIS-TRANS ISOMERIZATION 
121 Cis-trans isomerization (gas) 


Cis-trans isomerization; C,H,O0 campounds (2) 121.440 


" " n C, H, N " (1) 121.460 
fl " " organic halogen 
compounds (1) 121.470 
122 Cis-trans isomerization (liquid) 
Cis-trans isomerization; C,H,O campounds (2) 122.440 
f " " organic halogen " (1) 122.470 
130 SYN-ANTI ISOMERIZATION 
132 Syn-anti isomerization (liquid) 
Syn-anti isomerization; C,H,0,N 
compounds, aramatic (1) 132.452 
140 BRANCHING ISOMERIZATION 


Branching isomerization; hydrocarbons (2) 142.400 


150 ATOM (Or GROUP) MIGRATION 
; Hydrogen migration (1) 152.440 
Alkenyl group migration on aliphatic C (2) 152.441 
fl " # on alicyclic ring (1) 162.443 
OH group migration (4) 152.461 


H substitution by NH, fram side chain (3) 152.652 
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15 0 


160 


170 


180 


SUBJECT INDEX (continued) 


ATOM (©r GROUP) MIGRATION Jitle of Table 
(continued) (number of pages) 


H substitution by halogen from NX 
group in ring (2) 


POSITION EXCHANGE 


RING CLOSURE 


RING OPENING 


200 CONDENSATION-SOLVOLYSIS 


200 


210 


220 


ESTERIFICATION 


201 


202 


Beckmann rearrangement (3) 


Double bond to closed ring (2) 
Ring-closing ionization (1) 


Ring opening to double bond (1) 


Esterification (gas) 
Aliphatic acid anhydride + Alcohol (1) 
Esterification (liquid) 


Aliphatic carboxylic acid + Alcohol (19) 


Aramatic n War " (8) 
Aliphatic alcohol + Hydrohalic acid (5) 
f polyalcohol + " " (1) 


ESTER SOLVOLYSIS 


212 


ESTER EXCHANGE 
222 


Ester Solvolysis (liquid) 
Aliphatic carboxylic acid + Alcohol (18) 


Aromatic ul Teast " (11) 
Aliphatic " fn + Phenol (4) 
" " n + Polyalcohol (2) 
" " polyacid + Alcohol (2) 


Alkyl arylsulfonate (1) 

Phenyl sulfate (2) 

Aliphatic alcohol + Hydrohalic acid (39) 
Aryl halide (1) 

Alkyl halide + Phenolate (4) 

Mercaptyl carboxylate (1) 


Ester Exchange (liquid) 
Aliphatic alcohol + Alkyl carboxylate (1) 
it " oF Phenyl " (3) 
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number 


152.752 


162.455 


172.441 
172.478 


181.444 


201 444 


202.441 
202 442 
202 471 
202 475 


212.441 
212.442 
212 443 
212.445 
212.447 
212.461 
212.463 
212.471 
212.473 
212.478 
212.641 


222 441 
222.443 
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SUBJECT INDEX (continued) 


220 ESTER EXCHANGE Title of Table Table 
(continued) (number of pages) number 

Alkyl halide + Carboxylic acid (3) 222.471 
Alkyl carboxylate + Hydrohalic acid (2) 222.741 

230 CONDENSATION 

232 Condensation (liquid) 

Aromatic aldehyde + Ketone (1) 232 446 
C:N bond formation (10) 232.451 
Aliphatic alcohol + Alkyl halide (4) 232.471 
Phenol ov oO " (2) 232 A472 

240 NONESTER SOLVOLYSIS 

242 Nonester Solvolysis (liquid) 

Ether (2) PA2.4414 
Acetal (3) PA2 442 
Acid anhydride (2) PAR AASB 
C:N bond (2) 2AL.461 
CO-NH, bond (Acylamide) (7) 242.452 
C?N bond (13) PAL.453 
C:N, bond (9) PAZ .455 
C:N, bond + aromatic carboxylic acid (2) PAZ .456 
Aromatic acyl halide (4) 242.472 
CN halide (1) 242.570 

250 V th GROUP BOND SOLVOLYSIS 
P-0Obond (1) 252.560 


300 EXCHANGE - SUBSTITUTION 


300 ISOTOPIC EXCHANGE 
302 Isotopic exchange (liquid) 
H-D exchange on aliphatic C (3) 302.401 
" " " aromatic C (2) 302 402 
Oxygen isotope exchange (1) 302.461 
Halogen isotope exchange (6) 302.477 
310 HYDROGEN SUBSTITUTION 
311 Hydrogen Substitution (gas) 
H - S exchange on aliphatic C (1) 311.460 
Hydrogen-Halogen-Hydrogen halide exchange (6) 311.700 
312 Hydrogen Substitution (liquid) 
Nitration of aromatic compounds (5) 312.452 
Sulfonation of " ft (1) 312 462 
Halogenation on aliphatic C (17) 312.471 
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310 


330 


350 


380 


SUBJECT INDEX (continted) 


HYDROGEN SUBSTITUTION Title of Table 
(continued) (number of pages) 


Halogenation on aromatic C (31) 


EXCHANGE OF SUBSTITUENTS 
332 Exchange of Substituents (liquid) 


NO, for halogen on aliphatic C (1) 
Halogen for NO, n " on (5) 
" " NH, (NR,) on " ff (3) 
a " aromatic C (2) 
" " S305 " aliphatic C (6) 
" '" halogen " N f (9) 
" " " " aromatic " (1) 
f " perhalate fon (1) 


EXCHANGE ON V th GROUP ELEMENT 


Halogen for H in CN halide (1) 
" " NH, (NR,) in CN halide (1) 
COORDINATIVE EXCHANGE 


Halogen for H,0 in VIII th group complex 


4oO ELIMINATION 


400 


420 


430 


450 


460 


PROTON ELIMINATION 
H’ fronC -N bond (5) 


BOND-UNSATURATION ELIMINATION 


Hydrogen halide from C - C bond (9) 
" uJ C= IN bonds) 
Halogen molecule by halide ion (3) 


RING - CLOSURE ELIMINATION 
Hydrogen halide from halohydrin (3) 
ELIMINATION FROM V th GROUP ELEMENT 


Hydrogen halide from quaternary base (3) 


ELIMINATION FROM FUNCTIONAL GROUP 
CO, from aliphatic COOH (1) 


500 DISSOCIATION - DECOMPOSITION 


500 


DISSOCIATION OF ASSOCIATED MOLECULES 


Nitrogen oxides (1) 
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number 


312.472 


332-571 
332.751 
332-765 
332.758 
332.761 
332.771 
332 6772 
332.778 


352 470 
352 475 


382.870 


402 .450 


422 471 
422.475 
422.477 


432 471 


452 471 


462.441 


501 .662 
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SUBJECT INDEX (continted) 


510 MOLECULAR - COMPOUND DISSOCIATION Title of Table Pacis 
(number of pages) number 
§11 Malecular-composed Dissociation (gas) 
Dicarboxylate to Anhydride + Aldehyde (4) 611.443 
512 Molecular-composed Dissociation (liquid) 
Aldehyde hydrate (1) 612.410 
Cyanohydrin (1) 612.415 
Diacetone alcohol (4) 512.441 
520 BOND-UNSATURATION DECOMPOSITION 
521 Bond-unsaturation Decomposition (gas) 
Loss of hydrogen halide (2) 621.471 
" halogen molecule (2) 521.477 
522 Bond-unsaturation Decomposition (liquid) 
Dehydration of organic compound (2) 522.442 
Deamination " u) n (1) 622.451 
Desulfonation of " " (1) 522.461 
540 REDUCTIVE DECOMPOSITION 
541 Reductive Decomposition (gas) 
Hydrogen peroxide (3) 541.160 
Carbon oxyhalides (1) 541.470 
Nitrogen oxides (6) 641.560 
Ozone (2) 541.6860 
Halogen oxides (1) 541.760 
542 Reductive Decomposition (liquid) 
Nitrogen oxides (2) 542.660 
Nitramide (5) 542.561 
Ozone (3) 542.660 
560 DECOMPOSITION OF FUNCTIONAL GROUP 
561 Decomposition of functional group (gas) 
N, evolution from azo campound (1) 561.451 
562 Decomposition of functional group (liquid) 
CO evolution from COOH (5) 562.441 
CO, i) from aliphatic mono-COOH (+4) 562.445 
" in fl fl di-COOH (7) 562.446 
" " " aramatic COOH (3) 562.447 
N f # @tazonium halide (3) 562.457 


po pT 
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570 


580 


SUBJECT INDEX (continued) 


PYROLYSIS Title of Table 
(number of pages) 

571 Pyrolysis (gas) 
Alphatic hydrocarbons (11) 
Aromatic " (1) 
Alicyclic " (1) 
Aliphatic C,H,0 compounds (15) 
Aromatic n " (2) 
Heterocyclic " " (4) 
Aliphatic C,H,N " (5) 
Aromatic nitro " (1) 
Aliphatic halogen 1" (1) 


RING-OPENING DECOMPOSITION 


Alicyclic ring to Unsaturated compounds (1) 


600 ASSOCIATION - ADDITION 


610 MOLECULAR ASSOCIATION 
611 Molecular association (gas) 
Aldehyde + Anhydride ~ Dicarboxylate (1) 
612 Molecular association (liquid) 
Aldehyde hydration (1) 
HCN to carbonyl (1) 
620 BOND SATURATION 
621 Bond Saturation (gas) 
Hydrogenation of multiple bond (2) 
Hydrogen halide to double bond (2) 
Halogen molecule to " " (1) 
622 Bond Saturation (liquid) 
HAO ACONC:\C sbondisy (2) 
HO to C?C bond (1) 
Ham COMIC ING? (1) 
Hydrogen halide to multiple bond (1) 
Halogen molecule to " n (30) 
630 RING-OPENING ADDITION 
Ring opening by addition of OH = (2) 
640 OXIDATIVE ADDITION 
CoO + Halogen (1) 
N oxide + Oxygen (2) 
N oxide + Halogen (2) 
National Bureau of Standards — National Research Counci} 


Ix 


Table 


number 


571.411 
571.412 
571.413 
571.441 
571.442 
571.444 
571.451 
071.456 
571.471 


581.441 


611.443 


612.410 
612.415 


621.411 
621.471 
621.477 


622.442 
622 443 
622 450 
622.471 
622.477 


632.441 


641.470 
641.560 
641.570 
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SUBJECT INDEX (continued) 


650 QUATERNARY BASE FORMATION Title of Table Table 
(number of pages) number 
651 Quaternary base formation (gas) 
Alkyl halide + Aliphatic amine (1) 651.471 
652 Quaternary base formation (liquid) 
Aliphatic acid ester + Amine (1) 652.441 
Aromatic " yi hile (1) 652.442 
Alkyl halide + Aliphatic amine (5) 652.471 
" " + Aromatic " (9) 652.472 
Aromatic " 4+ " " (1) 652.474 


" acyl halide + Aromatic amine (2) 652.476 
Alkyl halide + Heterocyclic amine (9) 652.477 


660 FUNCTIONAL GROUP ADDITION 
So, to aromatic hydrocarbon (2) 662.462 
680 RING - CLOSURE ASSOCIATION 
681 Ring~closure association (gas) 


Unsaturated compounds to alicyclic 
ring (2) 681.441 


682 Ring-closure association( liquid) 


Unsaturated compounds to alicyclic 
ring (1) 682.441 


7oo «© OX IDAT10N = REDUCTION 


Reactions are formulated with the reductant written first, 
the oxidant second. 





710 OXIDATION = REDUCTION DISMUTATION 
VI th group elements (2) 712.660 
Wilt wa " (8) 712.770 

720 OXIDATION-REDUCTION, Compounds (ions) of the same element 
V th group elements (1) 7260050 
Wat Way " (1) 722.660 
Valeo tliat! " (6) 722.770 

730 OXIDATION-REDUCTION, Compounds (ions) of different elements 
HO, + VII th group element (2) 732.071 
I st group + VI th group element (1) 732.160 
IN wel OM | ee ALICE (el 1 " (1) 732480 
vV th» + 0, " " (1) 732-500 
WwW O 4 f Se " " (2) 732.510 
Wow O  & jr wel  w " (2) 732.520 
Won Oe Wan " (1) 732.550 
Wow 0 & Wir ua fo " (1) 732560 
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SUBJECT 


730 OXIDATION-REDUCTION, 


INDEX 


(continued) 


(continued) 


Compounds (ions) of different elements 
Vv th group + VII th group element (6) 


Title of Table 


(number of pages) 


Table 


number 


732570 





Vv th Mes NALINI Wali’ " (1) 732.580 
Viigathis set) vers Vile thi " " (1) 732.660 
Wat wa 9 oO Spry jel " W (2) 732.670 
Vath Ho, (5) 732701 
WAL Wo Wt 05 (1) 732703 
VII th " + YV th group element (1) 732.750 
VII th + Viith " " (2) 732.760 
VII th " +Vilth « " (2) 732.770 
Wine Wn O | & \ADiL wa 0 " (2) 732.780 
Wit, Wo O «Sar da | f (1) 732.860 
WALL Wa Ts Wane ida 0 " (2) 32500 
740 OXIDATION-REDUCTION, Organic + Inorganic compound 

Organic compound + 0, (2) 742.403 

Aliphatic + VI th group element 
(2) 742.461 

Aliphatic compound + VII th 

group element (5) 742.471 
National Bureau of Standards - National Research Council May, 1950 
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ALPHABETICAL INDEX 


The first two digits indicate the corresponding Section. For the tables 
included under the section (designated by numbers beginning with these two 
digits), consult the Table of Contents. 


Addition OfeKUNIC EONAR OUD Mcmicitcicieloilcil sil siiolt mm OGO 
WO) Tbblicafonlss joel 6 5G. 5 6 Go Oo oO RO) 
CalCmye oo5oo00 obo oO OOD oOo Oo XO 
dN = OOIUINE 5 o 6 oo oo ooo oo oO 6S) 
Alcoholysis, see Solvolysis 
Associated molecules Gisc~eleinlGl 66 00006060000000 0 £00) 
Association Mole 5 Goon oo OOOO OOOO GO) 
mide COSINE 56 56 6 oOo 0 0 OH) 
Atom migration 6.0.0 60 O00 6 06.090 0.0 510 6 0 O16 TRO 
Beckmann rearrangement RL Dubey Meese uted vol taultor el Mon oiaetter etm euel fehhembornota ni GO 
Bond saturation @) Fe) ie) 0) Je); e) Net er 20.0% OL (O) Or Os 100408) Jere ee ne, 620. 
Bond - unsaturation GECOMDOSHIt MON Meme HeMcNkcHN Moet cMro toil sit sin(enm 520) 
Gib 5 66 5 oO Ooh Oo SRO 
Branching isomerization Ge Bho pivanonoto Go DL Gfo Oo Gad olor ond. 6 IO) 
Cis-trans isomerization Gb G6 GOODY OllOLG..0' 016 000 600,06 070. IO 
Condensation GBI NG 6 oO 6 6 6. 600 0 0 0 6 6 0 010 6: ENO 
INONYISESIC G 56 05 00000000000 0 0 280) 
Coordinative exchange SGnO fo GO uONGLONOO 10) G=0. ond O- 00. 0 6-0" 8E0) 
Decomposition oXorgtel So biakshabicemNe 5 6 5566 OD 0 Oo EO 
of functional group OO. Olt Oe COLO Oe ts. Oe 560 
MAO 6250 6 bo DOO OOOO OK OO RYO 
IWOWCRWS 6 oC OOO OOOO OO Go MO) 
Ieilig¥R S OMI 6 6 oO 6 60 000000 0 6 &S0) 
Dismutation Oxddataliver—sreduc Give mrciieitsiieilsiisiisiiionne ian s/1 ©) 
Dissociation of associated molecules . . « » « « » « e 500 
of molecular compounds . oo a 0 0 0 0 iO) 
Double bond shift GMb OO Or 60-0 G1 o8 oO OlOe a! Boo > THO 
Elimination DONG = MMNSATUIPATING cue eicielteniciisl oni 4 20 
on fifth — group element... « « » « © » 450 
OMe AgbiaGElODeENl Exton) 5 Go oo oO coo ARO 
Gc jIOVON 6 6 oo oO OG OO a oO OOO oo AO 
Imbves 3 CME? 5 66 6b 0000 ooo 0 0 6 8) 
Ester PAIEING) 56 Go G6 000600006000 0 220 
BOVINE 6 6 6600 0006 Oo O00 Oo BO 
Esterification @. 0) se)yete! Je ie Fee (ey fen ee ate (0). Oase) (ONO eNOS ae) ce 300 
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ALPHABETICAL INDEX (continued) 


Exchange @o@oRciinainhya o6)5%6 06.6.0 010 6:00.06 'ST0) 
@SUEP 6 6.0 6:0'n 60 601666 6 00 0 blo! 220) 
on filitth = eroup element. . 3 « « « «6 6 « 350 
@ic JOvOIAO RIN 5.616 6 6.66.6 0-0010 0.0 0 SO 
tSOCGOONC 5.556.660.0066 0°00 016 0.6 0 £00 
Oe pOsuiGlGl 56 5010600000000 0 180 
OM SPOS ANNES 6 aio G6 ob '6 0-0 0 65 80) 


Functional grow eYololilicaloin G66 6.00) 0.0) 6.00 6.0 656 6 0 BRO 
GACoixoshlicAOi.6- 6 6} 6 0 0 60 0.66 6.0 0 | a0) 
GilaiwulaeelOn's-6 6.6 oo 6 6 0 6 010 016 6 210) 
QrGeine) Gio 0.00 0°00 6.6000 66.5. 880 


Group migration 5.6060 0 600-0 0 610 6.0/0 0.0.6 6.00" TO 


Hydrogen OnAgainess 6 6566.0 0.00 01010 0°50 6 0:6 310 
2 TMleARETALGIN 5G o-G°6 60 0) 676.0666 600. TED 
SMS eslevhwlON ss ao 6.0 666 6.00166 310 


Hydrolysis, see Solvolysis 


Isomerization AW 6 5 0 0 6 600 6 60 0°65 0 00 160 
ICEMAN GG Bo OG 6.060 6 6 6:6 0 6. 140 
Gis > We 6 6 6 066 000165910 of 0 0 EO) 
Globo loe@acl Sauling b 6 G oo 0 oo Ooo oO IO) 
WMO 5 6 6600000 0000000 180 
InvooublyBiolOIN 6 Gig oO 6 b0 6 Goo 6 4 6 110 
imbhore > Cosby 55 og500.0 0.0 6.6.0 0.0 0 ZO 
iPS 3 CpEMbNe 5 65 910 6°66 0 0 0 0.00 IK) 
Shy = Elateil 6 G6 60'S! 0 10 O10 000 Go 00 TO) 


Isotope exchange 06 6 0°0'00 000600 0 00.0 650 6.6 6 800 
Migration Elio Ole EAU 6 oo 606 0 6 0 O06 6 oO Oo TRO 
Molecular association 0.0010) 02 6 0 Oeaoool lo (6.6) G!6 266-00 G0) 
Molecular — compound Ghigsoolealenl 6 6 6 560666660 46.006 MO 
Nonester Condensation curemcntcnnen sn elieniel sie elena nt 3O 

SOUR MOR EUS Bd ONO G6) dB 60 6 06 6 0 BO) 
ortho = para conversion 666 6 O00 06 6 610 O00 6.6 06 6 O60 IO 
Oxidation = reduction dismutetion @ 10; le) (e): ee)" 'e) a; 'e) fel ve), ie) je. Ke 710 

ef compounds of different elements... . 730 

of compounds of the same element ..... 720 


OnMorganiicheampoOundSirems waned ic) ve metice ened (740 


Oxidative addition 6 06 6200.8 6 oO Go Gon allio od Oo 6 6-50 OG) 
Position exchange ao) 66..6) 6.06) ooo ooo 5G Gino oon S10 
Pyrolysis Slo Ooo a 69a Oro OOH e Ooo 5166600 EO) 
Quaternary base CMaipboaled iso G ob 6 6 6 6 0 0 9 0 Oo 6 CEO 


iKoGENGON yo G96 OG 6 6 0 OO 0 5 610.0 (80) 
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ALPHABETICAL INDEX (continued) 


Racemization db ido Ay 'o."6 
Rearrangement, see Isomerization 


Reduction, see Oxidation — reduction 


Reductive decomposition 

Ring - closing association , 
decomposition 
isomerization 

Ring - opening addition... 
decomposition 


isomerization 


Saturation, see Bond saturation 


shift of double bod ...... 


Solvolysis, OSWAP 6.0616 600000 46 
on fifth — group element . 
WOMAN 5G 5 56 6 6 OOO 


Substituent exchange 


Substitution Ole 1WCAOBIN 56 6 66050 6 


Syn - anti ilsyortelvenelOil 6 56 56.660 0 


Unsaturation, see Bond unsaturation 
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580 
180 


150 


210 
250 
240 
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LITERATURE REFERENCES 


Code abbreviations for the most frequently auoted Periodicals 


Abbreviation 


ACJ 
ACS 
APU 


BCB 
BCR 
BDC 


CIL 
CIR 
CRA 
CRY 
CSL 


DAN 
GCI 


HCA 
HPA 


IEC 


JCC 
JCP 
JOC 
JPC 
JPR 
JPS 


MHC 
PRS 
RIC 
TFS 


ZAC 
ZEC 
ZPC 


ZhPKA 
ZhOKh 
ZhPKA 





Title 


Amer. Chem. Journal 
Jie Amer sGhem=a TOs 
Acta physicochim. USSR 


Bille SOC. Chelimme belies 
Bula SOC. Chulime miEranicie 
Ber. Deutche Chem. Ges. 


Je SoC. Chem. Ind. 
Canadian J. Res. 
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Chem. Reviews 
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DOklady Akad. 


Sicelas 


London 
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Acta 
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Chem. 
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Helv. phys. 


Indust. 


Gazz. 


Engin. 


Jpenclastamte 
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Ho Ole 
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J. Phys. Radium 
dio IPOdyNeIeS Seats 


MOnatshefte f. Chemie 


phys. 

Phys. 
Chem. 

Chem. 


POG ssROy ESO. 


Rec. trav. chim. Pays Bas 


Trans. Faraday Soc. 


zZeitschr. allege. 
AMES ClMCG  Ib6 


VOI IESEMlG IA 


an6rée. 


physik. 


fizicheskoi Khim. 
obshchei Khim. 
DEikikadey Kihtime 


Znure 
Zhur. 
zZhur. 
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TABLES OF NUMERICAL DATA 
o f 


HOMOGENEOUS CHEMICAL REACTION 
KINETICS 


INTRODUCTION 


The purpose of these Tables is a critically evaluated compilation of the available 
factual numerical data on rates and rate constants of homogeneous chemical reactions. Stress 
was laid throughout on experimentally ascertained facts; data largely contingent on interpre- 


tations have generally not been included. 


Reaction equations are written in the simplest possible way, on the sole basis of 
the observed overall chemical change. The products are specified for each reaction, unless 
all reactions of a table are of a common type; in that case, the Reaction Type is stated once 
and for all at the head of the table, and the products, being unequivocally obvious from the 
type of the reaction, are not repeated. Whenever a reaction gives rise to a variety of 
products in no simple stoichiometric relation to the reactants, as is the case especially in 


many gaseous reactions, the products are separated by commas. 


Symbols for Reactants and Products. By convention, and for the purpose of formula- 
tion of the rate laws, reactants and products are designated by Roman-type capital letters 
A+B+C.... —~>L+M+N...., in the order in which they are written down in the reaction 
equation. As an example, in the reaction written CH,COOC,H. + OH — CH,COO™ + CH.OH, A 


stands for CH,COOC,H., B for OH , L for CH,COO , M for C,H.OH 


Units of amount. The unit of "amount" (concentration, pressure), in which the 
rates and rate constants are expressed, unless expressly given for each individual reaction, 
1s stated at the head of each table. Generally, that unit is the concentration unit M/1 


(moles per liter); data originally expressed in other units have been mostly converted to 
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M/l. It is known, of course, that for first-order rate constants the unit of concentration is 


immaterial, if rate and mass-action are in the same unit. 


Units of time and rate. Throughout these tables, the unit of time is the second, 
and rates are understood to be expressed in the stated "unit of amount" (mostly M/1) per 
second. Original data using units of time other than the second have been systematically 
converted to seconds. The greatest possible care was exercised to gain complete certainty 
about the time and rate units involved in the original data. Authors are all too often 
neglectfully reticent or even confusing on that point, and the process of ascertaining the 


units has often been laborious. 


Base of logarithms. The integrated forms of the rate laws generally involve natural 
logarithms, and the correct value of the rate constant k is that calculated from the integrated 
equation with natural logarithms. Practically, numerical calculations are mostly made with 
the use of decimal logarithms, which amounts toa division of the true k by 1n 10, and 
necessitates remultiplication by that factor. In all too many instances, this simple opera- 
tion is either omitted, or, worse yet, there is no hint or clue as to whether it has or has 


not been carried out, with a resulting uncertainty in k by a factor of 2.303. It has been our 


strenuous endeavor to make sure, in each doubtful case, oftenat the cost of laborious search, 
of the kind of logarithm actually meant inthe original. All k in these Tables are the true k, 
i.e. based on natural logarithms. The necessary conversions have been made wherever they were 


called for. 


Uniformity of units. These recalculations have resulted in a tabulation of data in 
uniform units throughout these Tables, rates per second, rate constants calculated with natural 
logarithms. In many instances, rate constants, not included in the original publication, have 
been calculated in these units, from the experimental data material; the gain, in terms of 


ready comparison of data from different sources, and of intercommimication, is obvious. 


Rate measured. The expression "rate of the reaction" is not necessarily unambiguous. 
It may make a difference whether the "rate" meant is that of the disappearance of a reactant 


or of the formation of a product, and it often does make a difference which reactant or which 
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product 1S meant. There are instances where authors speak loosely of a "rate of the reaction" 
where a precision about the exact rate referred to would be essential. It has been our 
endeavor, throughout these Tables, to leave no doubt on that point, and to state the exact 
nature of the change referred to by the "raver wherever there might be an ambiguity. In 
particular, in gaseous reactions giving rise to a variety of products, it is always essential 
to state whether the rate is that of the disappearance of a given reactant, of the formation 
of a product (and of which), or, as is often the case, merely of a change of pressure which 
often stands in no known relation to the rate of formation of a definite product. Similarly, 
in the case of @ reactant undergoing parallel transformations in different directions, it is 
essential to state whether the rate refers to the total consumption of the reactant or to one 
or two specific reactions. The necessary statements are given either for separate reactions 
or, whenever they apply to a whole group of reactions of common type, at the head of the table. 


They are omitted wherever there can be no ambiguity. 


Defined mass—action law. Empirical rate laws are tabulated in their differential 
form, the left-hand member of the equation (written down only if necessary to avoid ambiguity) 
being understood to be the momentary rate measured, in the stated unit of amount per second, 
and the right-hand member the mass-action law in the form of an algebraic function 
k f(A, B,..-L, M,...X) where A, B... are the momentary amounts of the reactants, L, M.... 
those of the products, X the amount of a catalytically active homogeneous catalyst or inhibitor, 
if any. Integrated rate equations, being merely a matter of mathematical technique, are not 
tabulated. Wherever necessary, the differential ratelaw was reconstituted from the integrated 


equation. 


The "defined mass-action law" is given primarilyasa definition of the rate constants 
k the values of which are listed in the tables. It is not necessarily, and often quite 
certainly is not, the "rate law" of the reaction. It could be amatter of choice; the 
rate of an actually overall second-order reaction, first-order in reactant A, and first-order 


in reactant B, normally to be represented by a mass-action function k AB, can be described by 
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a first-order function z' A on the understanding that [B] 1s included in k! which, of course, 
will then vary with [B], unless, as 1s often the case, [B] 1s kept constant throughout the 
investigation. If the rate constant of a reaction between A and B 1s defined by a first-order 
mass-action function k' A, it means, aanieieililsy that the order of the mass-action of B is left 
open. i instances where the experimental material warranted it, we have often derived a more 
explicit "defined mass-action law" than that used by the original author, and recalculated k 
accordingly. In all cases, however, greatest care was taken to establish a clearcut corres- 
pondence between the definition of the k by the "defined mass-action law" and its tabulated 

numerical values. Unless otherwise stated, the defined k 1s understood to be constant over 


the reaction, and to reflect its order under the given conditions. 


Temperature. All temperatures are in degrees Celsius (centigrade). Temperatures 


originally expressed on other scales have been converted to °C. 


Rate constants as defined under "defined mass-action law", are given in the form 
k= k° x 10”, with the values of k° and n tabulated inadjacent colums, opposite the tempera- 
ture to which they refer. The symbol k° is the value of k in the order-of-magnitude unit 10), 


and must not be confused with any standard-state value. 


Activation energies #£, always in kcal/mole, are given with one digit at most after 


the decimal point. 


Frequency factors 4A, defined by the Arrhenius equation k= emus 


» are given in 
the same form as k, namely 4= 4° x 10”, with 4° and n tabulated in adjacent colums. A 1s 


of the same dimension and in the same units as k. 


Activation heats, A H, (Keal/mole), and Activation entropies, A S, (cal/mole/ degree 


°C), are given occasionally under these headings. 


Empirical rates, in the stated units of amount per second, especially initial rates 
under fixed conditions, are reproduced occasionally as possibly useful factual numerical data 


where no mass-action law and no rate constant defined bya mass-action law can be derived from 
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the available data. 


By the same token, Fractional times, i.e. the time in seconds necessary for the 
completion of the stated fraction of the full conversion, have been tabulated occasionally, as 
empirical numerical material. The fraction of ,completion is stated in bold-face type, inpar- 
entheses. However, in all instances where a rate law could be inferred from the data, rate 
constants k, defined by that mass-action law, have been calculated and tabulated in preference 


to fractional times. 


Initial concentrations, The range of amounts of reactants and products in which 
the rates and rate constants have been established is extremely important. A rate law may 
hold in one range but be utterly invalid in a different range. A statement of the initial. 
range is included, under the heading "Amount of reactant," wherever that information is 
available. Reactants and products are referred to, as usual, by A, B..., L, M... . Th eas 
immediately obvious that the merits of the "defined mass-action law" and the strength of its 
claim to the dignity of a rate law, arelargely dependent on the breadth of the concentration 
range in which the mass-action law was found to hold. It will be noted that not infrequently 
rates and rate constants have been determined only for one definite composition of the 
reactant mixture. Listing of data of k implies, of course, that k is satisfactorily constant 
throughout the reaction (except as qualified in the Comments), i.e. the given mass-action law 


renders the order of the reaction with the stated initial amounts. 


Addend (Catalyst). Addends, other thanthe explicit participants A, B...., L, M...., 
are listed under that heading, with their amounts or ranges of amounts in the adjacent 
colum. If the addend has a catalytic effect, itsconcentration is either implicitly contained 
in k, or explicitly 1n the mass-action function. The "defined mass-action law" is always so 


formulated that there can be no doubt on that point. 


Solvent (Medium). In the case of liquid-phase reactions in solution, the solvent is 


stated in the column immediately following the Reaction equation. If the "solvent" is identical 
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with one of the reactants, it is designated by the corresponding Capital-letter symbol. Com- 
posite solvents are frequently coded, e.g Et 85 for C oH ,OH 85 vol 4+ H,0 15 %; explanation 


of the code designations will be found at the end of the table. 


Agreeing and conflicting data. Reduction of the reaction equations to their simplest 
empirical form, expression of the mass-action functions in the most plausible form, and uniform 
expression of the rate constants k in standard units, havenecessitated and permitted frequent 
cross-checks and comparisons of data fromdifferent sources. Very closely agreeing datahave been 
averaged and are underlined in the Tables. Less closely concordant data, pertaining to overlapping 
conditions, uniess there were reasonable grounds for a selection, haveoften been left side by 
side, the range of the variation being useful asa yardstick of the reproducibility of the rate 
of the reaction. Good agreement of data identically defined but determined indifferent ranges, 
adds greatly to the validity of the mass-action function as a true rate law. In the rarer 
instances of outright irreconcilable conflict, a motivated choice could mostly be made of 
the more reliable data; the editors do not, however, claim to be infallible, and will be 
receptive of criticisms. The degree of agreement or conflict of data from different sources 
is obvious from the tables, and is furthermore expressly stressed in the Comments placed at 


the end of the table. 


Rate laws. The editors have knowingly refrained from committing themselves on the 
essentially controversial question of the true rate law of a reaction. The evaluation of the 
validity of a mass-action function as a rate law must be left to the judgment of the users of 
these Tables. The factual data given inthese Tables, in particular theranges of applicability 
of the "defined mass-action law", the degree of constancy or variation of k, itsreproducibility 
as reflected by the agreement of data from different sources, are important elements in this 
evaluation. Further elements, such assystematic trends of k with the progress of the reaction 
i.e. as a function of the extent of the conversion, or the degree of homogeneity or partial 
heterogeneity of a gas-phase reaction, will be found in the Comments. It will be noted that, 
for a great number of extensively studied fundamentally important gaseous reactions, only 
initial rates and initial rate constants are available, and that reaction-rate orders inferred 


from variations of initial conditions, i.e. from one run to another, need not hold over the 
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course of the reaction in one single run, partly on accoumt of the yet insufficiently 
explored mixed homogeneous-heterogeneous and nonstationary character of these reactions. on 
many reactions, the scarcity of available numerical data, and their limitations, often contrast- 
ing with the imposing amount of existing brilliant even though maybe premature speculation, will 
be found disappointing. The Tables cannot, inthis field, but tacitly dramatize the scantiness 


of our present factual knowledge. 


Supplementary tables, placed after the main table, give additional useful numerical 
information which could not be fitted into the pattern of the table. The selection of topics 
was, of necessity, arbitrary. Secondary effects, in particular the great variety of salt 
effects, etc., especially if investigated for purposes outside the field of Kinetics, could not 


be included, but references thereto are generally given. 


Comments at the end of the table cover, in a terse style, a variety of additional 
items of information both on the table as a whole and on particular reactions, including 
pertinent elements of evaluation. Reactions commented upon are marked in the table with an 


asterisk *, 


Literature lists of references used or at least mentioned in Comments are placed at 
the very end of each table. References are arranged in the alphabetical order of the names of 
first authors, and are numbered in small type, e.g. (7%). The sourcesofthe data tabulated in 
the table are designated by these literature references numbers. Literature references examined 


but neither used nor mentioned are not included. 


Order within the table. Reactions are arranged andnumbered, without strict adherence 
to any ironclad system, in the usual order of increasing complexity of the key reactant, thus, 
in the case of organic compounds, in the order of increasing numbers of C atoms, branched isomers 
placed after the normal-chain isomers; not developed organic-compound formulas, é.¢. C,H, OH 
always mean the normal canpound. Substituted derivatives are arranged in an order corresponding 
to that of the periodic system, e.g. alkyl-substituted, nitro-substituted, sulfo-substituted, 
halogen-substituted; the latter in the order F, Cl, Br, I. Longer tables are often subdivided, 


and the subdivisions are listed in the Comments of the table. 
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Pattern of the tables. The patterns of columns and headings vary somewhat from one 
table to another, depending on their contents. Where the width of a column was insufficient, 
and space was available in adjacent colums, free neighboring space was borrowed and the 


encroachment clearly marked by horizontal lines enclosing the extraneous parts. 


Errors and omissions are unavoidable in Tables. The loose-leaf form has been chosen 
in view of the ease of subsequent revisions of individual sheets, including deletions, replace- 


ments, and additions. We shall welcome criticisms and communications pointing out errors and 


gaps. 


Acknowledgments. The editor and his associates gratefully acknowledge the interest 
and help of the National Bureau of Standards, of the Committee on Tables of Constants, National 
Research Council, of Princeton University, and of the correspondents and authors to whom we 


have had many an occasion to turn for advice. 


Editor 
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